The management of demographic security and genetic diversity are among the central 3 considerations in conservation (1986a, b) . Captive populations have long played a key role in 4 conservation as a management tool to ensure demographic security (Hedrick 1992) . The earliest 5 work in conservation of endangered species focused on breeding in captivity to increase 6 population sizes and intended for eventual release back into the wild. However demographic 7 security and the maintenance of genetic diversity can sometimes be at odds, as genetic diversity 8 is derived from the effective population size (N e ). One issue in captive populations is the 9 differential reproductive success of some breeding pairs that are better suited to captive 1 0 conditions, leading to selection for survival in captive environments. This phenomenon can 1 1 further reduce the N e due to founder effects (Nei et al. 1975; Newman & Pilson 1997) . From the 1 2 perspective of the reintroduction of the offspring of such captive breeders back into the wild, this 1 3 may be a less than ideal situation, as these captive-adapted offspring may not carry the adaptive were raised for the genetic support of threatened wild populations, the genetic compatibility 1 6 (prevent outbreeding depression) and genetic variation (ability to adapt to natural environment).
7
However, these objectives can be materialized only if genetic diversity can be sustained, and if 1 8 genetic drift and inbreeding can be limited. 1 0 our interest in understanding recent effective population size, we focused only on methods for 1 1 contemporary or recent Ne estimates. In this study, we evaluated genetic diversity, estimated the 1 2 effective population size (Ne), and analyzed linkage disequilibrium using two types of markers -1 3 namely microsatellite markers and SNP markers. in this study. The population represents three generations. The parental cohort was comprised of 2 0 2 males and three females in January 2016 and had expanded to 27 individuals by the second Longmire Buffer until further processing. Genomic DNA was isolated from whole blood using 4 the DNeasy Blood and Tissue kit (Qiagen Inc). For microsatellite genotyping, a total of 18 5 microsatellite markers were randomly selected (from Tadano et al.(2007) ) and screened for the 6 presence of polymorphic loci. Of the screened loci, three loci were monomorphic, or were not 7 amplified by PCR consistently and were not used further (full list and primer sequences 8 presented in S1). To generate genotype data from microsatellite loci, we used the fluorescently 9 labeled M13 method (Schuelke 2000), which allows greater flexibility of fluorescent dye tagging 1 0 for multiplexing. PCR thermoprofile was optimized based on published T m for each primer pair 1 1 (and considering M13 sequence), and amplification was performed in a 25µl reaction using NEB New Haven, CT) for fragment analysis. For SNP analyses, equimolar DNA isolates were 1 7 submitted to the molecular genetics lab at Hy-Line International for genotyping using a custom from multiple chromosomes, all the SNP loci are from a single gene-rich microchromosome, and 1 as is typical for SNP datasets, the markers represent a mix of intronic/intergenic (putatively 2 neutral) and coding regions. The raw data was downloaded into the software Geneious (Biomatters, New Zealand) and 5 analyzed using the microsatellite plugin. Allele bins, based on peak data from across all samples, 6 were created for each locus. Following this, every individual biological sample was processed 7 through the peak calling step. Once the automatic peak calls were obtained, every allele call was were first re-coded manually into 2-letter genotypes, and then imported into GENALEX and 1 3 recoded into a numeric format for further analysis. Next, to estimate the effective population size of this captive-bred population, we used three 2 0 different estimators that are known to estimate contemporary or recent effective population sizes method (Nomura 2008). All three N e estimates were generated using the software program 1 NeEstimator, version 2 (Do et al. 2014) . These estimators are expected to estimate the 2 population size based on shared alleles (molecular coancestry) or the signal of genetic drift -3 either due to allele frequency differences among parents (Heterozygote excess) or due to the 4 linkage disequilibrium among markers. In this case, we also know which assumptions were 5 violated with some certainty. For example, this captive population has been closed to 6 immigration and not subject to selection (except unintentional domestication selection in 7 captivity), but the assumption of random mating is likely to be violated, as we expect this 8 population to have an increased frequency of mating among relatives over the last five decades.
9
While it is known that most real natural populations may violate one or more assumptions of an 1 0 ideal population, the departure from random mating is expected to result in underestimates of 1 1 N e (Waples et al. 2014) . Similarly, the molecular coancestry estimate is expected to be biased 1 2 downward in inbred populations (Nomura 2008). Considering the differential consequences of 1 3 these assumptions for our captive population, we estimated N e using the three methods 1 4 mentioned above. The analyses were carried out separately for the microsatellite data, and for the 1 5 SNP data. Furthermore, we were particularly interested in determining the N e as obtained from frequencies being lower on short chromosomes. To our knowledge, this is the first study where a 2 2 high density of markers from a single chromosome was used to explore the population history. For the microsatellite data, 93.3% of the loci were polymorphic, and the three estimates of 1 heterozygosity (observed, expected, and unbiased) based on microsatellite markers were very 2 similar to each other, ranging from 0.359 to 0.371 to 0.379, respectively. For the SNP dataset, 3 only 37.8% of the loci were polymorphic, which translated into heterozygosity estimates of 4 0.107, 0.096, and 0.98 (observed, estimated, and unbiased, respectively, Table 1 ). Estimates of F, 5 the fixation index/inbreeding coefficient, were also divergent between the microsatellite (0.065) 6 and SNP datasets (-0.137) . Positive values of F are typically indicative of more significant 7 inbreeding than expected, whereas negative values suggest more outbreeding than expected. This 8 latter result is potentially a consequence of the low observed and expected heterozygosities for 9 the SNP dataset, arising from the small proportion of SNP loci that were polymorphic. The N e estimates were in the low single digits for the microsatellite marker dataset, except for 1 3 the heterozygote excess method. For the single chromosome SNP dataset, both the LD and MC 1 4 estimates were 1 or lower with narrow 95% intervals (Table 2) , whereas the H E estimator was in 1 5 the low single digits (N eHE =4.8, 95% CI=3.1-11). If these estimates are compared against the 1 6 total local population (Texas A&M), the N e /N c ratios range from about 0.14-0.27 for 1 7 microsatellite markers, whereas they range from 0.007-0.17 for the SNP based estimates. Differences between neutral microsatellite markers and SNP markers 2 0
Given the known history of the study population, the low N e estimates were not unexpected, but 2 1 the differences between the microsatellite markers from multiple locations in the genome, and 2 2 1 3 the single chromosome SNP markers were notable, and reveal different population histories.
1
Both the MC and the LD methods estimated N e to be equal to or lower than one, based on the 2 SNP dataset. Whether these differences are the result of different recombination frequencies for 3 marker types or actual biological lineages for unique haplotypes is challenging to differentiate. 4 However, identification of unique haplotypes (next section) partly answers this question. Analysis of haplotypes in the study population using the program PHASE revealed five unique 1 5 haplotypes (Figure 2) , and of these only three were found at frequencies higher than 10%, with 1 6 the most common haplotype represented in 70% of individuals (haplotype 1). The next two most 1 7 common haplotypes were found at approximately 14% frequency each. These haplotypes suggest 1 8 at best three unique haplotype lineages contributing to the population and presumably do not 1 9 reflect novel haplotypes emerged by mutations since the initial population contraction. The second takeaway of such a comparison between microsatellite markers and SNP markers is following population contractions (Athrey et al. 2011; Bouzat et al. 1998; Hammerly et al. 2013; 2 0 Hoelzel et al. 2002; Johnson & Dunn 2006; Miao et al. 2016; Wisely et al. 2002) . If 2 1 microsatellite-based measures of genetic diversity are higher than SNP-based whole-genome 2 2 genetic diversity, as observed in the current study, it would be a potentially worrying trend from 2 3 1 5 the perspective of measuring the genetic viability of wild populations. Due to the relatively low 1 cost and accessibility of microsatellite loci, the usage of these markers has become ubiquitous in 2 population and conservation genetics, and in the assessment of genetic diversity. If high 3 microsatellite variability does not correlate positively with genome-wide diversity, then 4 management decisions need to consider the potential limitations of such data. We found low (single digit) N e estimates across all estimators. On the one hand this is consistent 8 with the known demographic histories, but on the other hand, this may also be explained by 9 biases arising from sample size or other assumptions. We expect the N e estimates to be biased 1 0 downward due to the small sample size in this study, but these values are not unusual in to be contributing to low N e estimates using the LD, and perhaps the MC method. Due to our exact knowledge of the census size, the N e /N c ratios are informative about both the 2 1 processes of marker inheritance, as well as the performance of the estimators themselves.
2
Secondly, all the three estimators used in this study are expected to represent the previous or the 2 3 1 6 most recent parental generations. Therefore, for both the LD and MC methods, we believe that 1 the estimates obtained here represent the founding event of the Texas population in 2016. On the 2 other hand, as changes in heterozygosity occur more gradually over time, and the accumulation 3 of inbreeding may take several generations, the HE estimator may be more representative of a 4 founder event not in the immediate past, but bounded by the initial founding of the U.S. We observed only three major haplotypes in the population, and it will be valuable to understand 8 how these haplotypes are maintained in subsequent generations. We believe that the low 9 haplotype diversity is a consequence of the history of captive breeding among a small number of 1 0 individuals, rather than a reflection of the source populations. Haplotype diversity in other wild 1 1 junglefowl populations has been reported to be quite high. For example, Nguyen-Phuc et al. indicates that the progenitors of the RRJF came from a similarly diverse population, which have 1 4 since lost genetic diversity in captivity. It is also worth noting that the genetic bottleneck and the 1 5 resulting reduction in genetic diversity in only 50 years perhaps mirror the early genetic history 1 6 during selection for domestication, except for periodic gene flow from wild individuals. It would 1 7 appear that such immigration was necessary to maintain the high levels of genetic diversity that We observed high linkage disequilibrium among loci in the SNP dataset -an estimate that is 2 2 known to be inflated when using small sample sizes, and very likely to be contributing to the 2 3 1 7 high D' values observed (Ardlie et al. 2002; England et al. 2006) . Taken together with the 1 reduced haplotype diversity in this population, however, the linkage disequilibrium estimates are 2 biologically plausible. Our study showed the dynamics of genetic diversity and effective population sizes in a small 1 6 captive breeding bird population. Furthermore, our study was able to relate effective population 1 7 sizes to the known demographic history of the captive population. We found that the 1 8 demographic history corresponds to a great extent with the genetic estimates. Furthermore, the 
